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(54) MAXIMUM LIKELIHOOD DATA DETECTION 
METHOD AND DEVICE THEREFOR 

(57) Abstract: 

PURPOSE: To provide an optimum data detection 
method by setting a channel encoding bit cycle and a run 
length limit code rate, etc., to specified conditions 
relating to the detection means of partial response 
maximum likelihood data or the like in a direct access 
storage device. 

CONSTITUTION: A binary partial response class 4 (PR4) 
equivalent sample is converted by a digital (1+D) adder 
or a filter circuit 18 and EPR4, 5 level samples are 
obtained and supplied to an EPR4 viterbi detector 16. 
Signals filtered by a digital filter 44 are supplied to 
a PR4 viterbi detector 14. Also, they are supplied 
through an addition circuit 18 to the EPR4 viterbi 
detector 16 as well. Tire viterbi detectors 14 and 16 
are connected to a decoder 46 and a maximum likelihood 
detection processing in data read-back is completed. 
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4 n/*-4 4 Id J: *)Jlf££ft3 P R 4*> : 7°;Hd*)-LTi: 

l±5*S4x*V\ EPR4 (KPR4) tf fttttJS 
1 6 12, >\s ■ 7 4/i>? 1 8<affi7Jld:fc^T^bft 

5 (/-fXttio) EPR4ty^l:SLt, 8#ffi& 
tilSirLTlb^-f-S. xv^^/u • 7^* 1 8',*mm£ 
JfSCl y^Xt£oOPR4-tf">'7'A-;^oDA 
TJlCWif&Sfta. (p.so > 1 . 6T/R) ©ft^ 
T?»±. PRMLiJt&Lfc*£'lc:, ^(»EPR4T-^ 

[0 0 3 7] ffiSt«)jS«J* P R (/<->1r^ • 
x) ^T'li, PR^7^/u?6 2^f£?t5PRt'7t' 
ttffi3S6 4 £-$£ic{£ffl£ft3 0 P RMLx-^1tffi§5 
ffi&tfEPRML7*-**fctti««B:. #Jx.lfEEPRM 
LttH©i«Jg&PR3&fc— «fkS*L5„ EE PRMLIi 
#«S;(1-D 2 ) (1+D) (1+D) KJ:«J!|#BMfc 
£ft, 7 f -^«a*S7^/u4'6 2&tJ { PRH'^b'ttW* 

6 4iCi^)ffifjt$ix5 0 ^<B#i£li#»ldi5v>i*i£»« 

fi, H5oOffisilWB(C*JV^TA/'D^^ i bJt : f#$ 
ft 3 / 4 Xffi^^cD-t >-7a,Dk sEWilH 5 oQffiSciliR 
AlCfc^Trv^^ • 7^/L-*4 4 0W/jldfcV^T#e> 
ft 5 / >f XfJn/) P R 4 ^ffiHJ-> 7VKBV vfJxa>-e*>3„ 
[0 0 3 8] ii&OPR^-^ftffllfrifcroffcfelJf;:, ft 

=fY-7-<<v9 (WMF) 6 6^ ftSldtt-tJxId 

iitni:ifiiaiot><o^, ^ft^*fty^xooitA-££i:& 

V*;H£»-+-5ftb9lc:, ffi^-PflT* (I S I : intersym 
bol interference) £^Ai"3 z. £(c£3„ #!7-f h/ 
^X(k7^/u? 6 6 12, ffffifi I S I %WA-fZ>£ 0 

6 6(Om/Jlc*3V^iM^$ix5ISHi:*5^frtt* 
N + 1 f-y MfllHlctt^txOtlE^+ai:, 7 



(6) • #fF2 7 1 8 4 2 4 
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/u • 7.7— h©br^lftttaS6 8li2 N »xx- h^rifif. 
girl"*. *!7>T hy^Xffc7^/u* 6 6 ^<£>A7Jfi, 
ttfW B lc i «j a# £ ft a £gq y -r Xttwf- 
jK i£wif£Sa#AlcJ:9a&$ft3y^Xte<DPR 

4^fffi-f- >'7VU'<7)V'>-f ftri»"C&3o 
[0 0 3 9] y^XJ&fiJc7-f/U*6 6li, ftSftJIEoOfiS 
VM S I ^Af 5 J; 5(-Kc0WMF^A(*<b^-575^ 
s£v>lii£(cWMF£i£MU fflST-li&5^#Sl-fiV^ 

isi^^A-r^o y-rxjfM7^/u-^ 6 6oott)^i-i-o 

70 V^-CSte^ft5IEHi^5^W^^(±, ^rft^ft* 
fcJffiw^fcliiSa^gS&^U ^rftlcJ:9?P«dfi^ 

[0 0 4 0] m^7 4 A, 9 7 2 bT* f fclijg 7 

7JA>9 7 2<D\1)tt.. H5C0ffi«51^B(CJ; Oil^^ 

ft 5 y -r xtt^^i^^-y^dv ^v^iiiiSS^Aii «t 

20 •9il^^ft5y-l'XttoOPR4^fffif->-7'/H»V^-fft^^ 

ttfcmS&O* h y y ^H3»f^gaS:»-3ef5^7^-? 
o-feyh*, (firo) ftfflSWBftwJ: <9 , Sit (f 

«, ffl,fflii/Sft±->-'7-^^^ffl^ (GAMLDS) 7 
4«, #'J=73E, ?>TS^XtffJllt7t7h, S: 

[004 1] 2oJ^±(D^f±i^l 4> 16, 6 4, 6 
50 8 , 7 0RV7 4frf ! -f>tfilii=T--y7'±.^tS\,"XM.mb 
Sft, ^&^&ffi3§7i^^/Mmd&??LTiI#l£ 

ft, *^?77J^7-9&&7°U>S-^\<n^%Lft 

mmRxim^m^^mm (pfa) 

5„ a#$m#1 4, 1 6, 6 4, 6 8, 7 0S.^7 4 
<Dliit)\i, @4O"7yuf7'l/?t20XU ! XOR5 6l: 
«l&$ft^„ 

[0 0 4 2] El6ii, #3l^lCj;3Wftx-?1$tt):t^ 
U-v-3 >-4rS-fo 7'n y^4 0 0 T'*£ft3 i ■) 

is V • f>^ADC4 O^i^bSIf $ft 
40 3o S(f ^ftfcx-^^^ • -y->7 , /K±, 7n-y*4 0 2 

■e^snsijc. iK^tiiffl7^/^, gijiti 

El3oOxv/^/U • 7 4/U* 4 4l-WjB$ft-5K g£v^i± 
m 5 oo-fer u ^ * 6 0 II £ *} a* $ ft 5 ffi.siSft B U i 
•5, PRi7^;u?6 2, Y J 4 ^.{17 6 

6S.t/BufeS7-f /u* 7 2td^$ft5o -tru^^6 0 
(cJ;*)ffiEa^Aiisa^$ft5t, 7'o^ 4 0 4t* 
$ft-5J; 9lC, gl3cOTV^/U • 7-i-/U^4 4oDtfj#7)> 

hcn>7 j)v>? y y^^ ft/c PR4f-y?'i' ■ f-> ; 7"/u^ 
85i$nfcjS2«07-fyl'*, «x.«H5«Z)l+D7^/u 
50 * 1 8, PRf7^f/^ 6 2, *!71* h y-fXfk7-f /U 



(7) 



#!f 2 7 1 8 4 2 4 
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?66, 7 2fc#M&3ft5. 1 

o0 7^f/U? 9 y^§ilfcif>-7 P /Hi, 7^ 4 0 6T* 

* ffttU* 1 4 * fcl± E P R 4 t** tf«m* 1 6 
£ ft » $207^^iJ>^ $ Jltf v? ■ * 

«itfEPR4f^fSUJSl6, 
h • t*e'fcffiS&6 8, *tlifi»fblf^e'«ia»7 0, 

* ;t is jact t- 9 K-ttw tff 7 4 k $ ft a , s 1 y * 
h $ nfc i 9 #3t£<jv< 7 * - 9 xwrnyv y^4io 

T*itBiJ£ft5„ ^7^41 2T*^$ft5 <£ a^SiJ 
£ft$f?f;£<0^7*-*laE#L-T, f|ilfMUX2 0 
^i/^ffi^il^A^lCj;'?, PR4 c^trttmsi 4* 
fcl±E PR4 K^tffcfflgl 6#)IiR£ft, Jgl 
' 2<07 f -*«fcffl3&<© 1 o#8#$ft5„ ^W4:/n y * 

4 1 4-<?*£ft3J: 9lC §^iJ£ ft 3/^(7)^7^-* 
l-Jt-^LT, MMI4OTOR5 6 1-4: 9, ^W4H 

5 oD 2 oK_h^^tti§ff 1 4 , 16, 6 4,' 6 8. 70S. 
XI7 4£3IiR-f 5::i:lc4 *K f lSU t l2Wf-?lt 

[0 0 4 3] 0 7 RtfEl 8 fi, ^fC^SpJ-^-^ h&U 5 
dfx F3-y^ft5EPR4t^^ • • p»*y 

(spm) tngmtoWMftttZ^i-o L'v^Se&H 
feffifcfcflSPMIi, itnlE PRML77'y ^-^a >0O 
<ffa**ffi-C*)5. -feU^hfi#S0, SI, S2, S 
3, S4. S5, S6tfcliS74S, LT?*$ft3 8lB 
ro7 7fl'f:li7 7f • -fxx ytiDitmiS 1 o|c£t|& 
£ft, Hlcfc^y • /<xi*j(OMT?*$ix5 8iB<D«-r 

SO, SI, S2, S3, S4, S5, S6*f:liS7 
14, Ell ll^Sftft&SftSJnJJ-JttiE-Sft (AC 
S) ^7Ma*)M$ti5„ h uy * • .xt 1 - Mi! 

5S>bl 2 ib fttgoo^-h • t'-y h^s 
t£ffl$ft3. ;ni:J:9PRMLtEPRMLC 
x'< ( (a',} ) = a'i+a'k-i-a'k- 
[0 0 4 6] (1) *«¥#£SKIl,fc&lw, (yk 
EPR4 + C) 2 t0iS^<SiOr-^ • -5r>-^ { a ' < } Id 
ft#L*evwe, ft'h/k7l>f)Cro«S:H"JI»-4-5i:» ML 
S D<0fc'hflsii&it<0 J: $ KStfiSftS. 

[&8] 

5. ( la'.} ) = A (-2x'< ( {a' 
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5. S PMro^-^.7 1 — v?l4, 12 7ro^7 L -v ? l&0 ? IEl8 
ra^x-v^l 2td;^£ft3 7i/^LC0^IJi:V7P 
=3-7\/?-t<D$i}k$:'a&o 0 4 h a— ^ 5 0 lc 4 

9iifltSii5W^W'SKi9^fk^*5v^-c. -y-/<^< • ^ 

#S&2«JT*{£ffl£ft3-J&W# (8, 6, oo) 
KIcMiiUT, i: fc 1 2SE#"C*>5. ftifcifefctt 

^1 2 00 810(75^^7" — v?(d*fj^ (DMa'ik 

w w^te^-wMu xm^tc^a-a- $ ft s = ^ 
Me.* ? #8$ ft a. ftt^fgttroffiw^A^at#$ 
ft3ft®/£ft^fc£iditKLr, #§c*&£i44i:^*v 

».XT-^td;^Tf#££ft5^bT*fc3„ -flxtd, ft 

$.r.i:fcJ:!>«#£ft5 dJsr^ftS (wedge decisi 
ons) inftfftS) . £/&£ftfc«*:ifc£f4, 

s»3.= y h^tti7jids^$n^^^ h^-y^mm^ 

ft3o 1 *f<»7 y^&t/SH&Wi&Sft 8 0 Sr^tf jK5< h 

[0 0 4 4] E P R 4 tf? t'^tUS 1 6 co^a^fc* 
(c, fflMH/ hP77 KSiMiflfSfta. E P R 4 

H?Ki5:co^^^^T*(4, MLSDIi^S^ hy-y^Hic 
^ft/J^1--5r.tl^«T'fc5o EPR4T-I4, 

[»6] 

7*-mm5[yP < + c-l',({a',})] J (1) 

JO 

[0 0 4 5] y < EPB, i4y-rx^n^o/tE P 

k ( {a'k} ) li€oQy'1'Xoo*V^^-^^y^tti7 t 3^>7° 
^ [»7] 

i-a'k-i, a' i * (-1, +1} (2) 

& y-mifi^ A ({«'»}) (3) 



40 10 04 7] 

: [9c 9] 
} ) [j.eph+C] + [»' 



( (a'.} ) ] n 



(4) 

[0 0 4 8] :;t*, Ai-±%mtm*X'Sh5,, a o) 

(4) lci*)^^^5ff^^M7! h'J -y^& 
/hfttt. 0 7 75^0 1 2 fdHfii! LT3d!' <1 btv-5 E P R 4 

[0 0 4 9] *2I±, SC (4) KtJl/^TS; (2) £f£ffl 



Z. T- y = xk EPR4 4- n < 14/ -Y E P R 4 ft fjr 

^-yy'^X-hn, nili/JX • ^yf^X-h^, s'k 
S.O?s'kMl4-etl^*ixm?£&C/&oO^-7 1 -hTfe^, A 
= 1 /4 uOlSfoO, S 2 h U y ^/4 ; H 9 t-^$ 

[%2] 



(8) #fF2 7 1 8 4 2 4 

15 16 
$.2 EPFUlCStfSIKEate* h!/ yH 



a\. r a\. r a' k -i 


a'. 




5k/K 






- 1 - ! - 1 


- 1 


0 


0 


0 


Q 




+ 1 


+ 2 


- (vf* + c) + 1 


o 


4 


+ 1 — 1 - 1 


- i 


-2 


+ (Vk"" + c) + 1 


1 


o 




+ 1 


o 


0 




4 






-2 


+ (yf 4 + c) + 1 


2 


1 




+ 1 


0 


0 


2 


s 


+ 1 +1 - 1 




-4 


+ 2 (v? w + c) + 4 


3 


1 


+ 1 +1 - 1 


+ i 


-2 


+ (vf "* + c) 4- 1 


3 


5 


- 1 - 1 +1 




+ 2 


- (yf' + c) +1 


4 


2 








— 2 (yf" 4 + c) -1-4 
























- (Yf 1 " + e) + 1 






-1 +1 +1 


- 1 


0 


0 


6 


3 


- 1 +1 +1 


+ 1 


+ 2 


- (vT' + c) + 1 


6 


7 


+ 1 +1 +1 


- 1 


-2 


+ (vT + c) +1 


7 


3 


+ 1 +1 +1 


+ 1 


0 


0 


7 


7 



[00 5 0] 0 9<0hHJ*li, SM^te^ h!J 

TISW (5) 3t09W#,irc£l\ /- K£«MB/rLT-> 

mi 0] 

mi n [ (u+c) > (v+c) ] = mi n [u, v] +c (5) 

[0 0 5 1] ±B (5) i*CI±ic* fkfc*fLT i>m&-Qfo 

[0 0 5 2] gllOll i9(0 h H xiJte$ii5S 

IWl 1 ] Z, = ykH PR, +2y, PR, +y<-i PR ' (6) 

Q* = -Z,+4 (7) 

[0 0 5 3] Ki3ZZX\ C = -l£ffifflL.fc. 



hyy^»a: (i) tc*jit5o-e*v^Sf<c 

<B5&Att. tt3l5C = 0<O^K&B?fcofc£«C+ 2£ 
Z^»S^ 5. tfc^S^ (7) tc 

Jsi^T^S 2 (Bftb 9 1-4 &an39-f 3 C t iillJS^a 

0S& (VLSI) Stf-eil. h 2il?ggw=Br* 

40 flsfcSfifc-t-Sfci&K. -(73#tt^?IJffl+5„ EPRM 
LttJUSl 6&Ei*-t-5fcit>i::, SffSixfcE P R 4* 

«m$nr#t 0 * (6) £'##^3^ y 

• ( EPR( = y< PR« + y ( .,mi;^5, 
[0 0 5 41 0 1 Ott. EPRML«tttiSS££!*ffcU 

[0055] 01 Hi, t-fx, t°- 

50 K(0|6l±«:nrffilC-*-5E P RML \f9 fftttig 1 6<03R 
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K^bh^v ^t^&mmm^h6mm-itm-misi (a 

CS) a=yft*U @7Xt50 8l-*$ix5»JC-r 

5-^/<>fy< . y<x • y ^ey 8f@oD8 f"-y h • 

l^x? J 0 7!;SJ 7li, @10l^$H5hHJ^rt 

a > b &&&&& 2 *t i miRm-?^7 \s9 lUcfe^-S 

fi. £»an», ifcts (JniM^i) , (2#i^ 
>&^t»'ftStt*S£S®'<*£*1% t^oX, 110 
^.■C-ttft'h-<?fc5i». 1 * n y^tofil* 1 IeJcO^JJP 

■>3><oisff^<ii4vLs istffKfc^-ctt. mnw 

[0 0 5 6] Il2tt, *-oD? ny? • f-^^'K^KC 
STr? $ tt st ft ft p, ft v > n-)j[ * 5 £ ftfft-f 

fcl^-r £ ^^#»]&?r£*A Lt, BlOOM' 
yx*S^5^i:tJ;i)W*Six5o H 1 !-> ±X<D 

SSfiK£ix$„ £3fc, ±£§|« (5) ^2ffiSffl£ft 
3 0 Z.(Oy'u-y— v?-H±H 1 2 (C^£ix5#;3I h U y 

*ft<0*«t«l;*3^55*^tf-Ki5, HSSEPR4 h 

uy.xi/£9, fl5iiffcco*3LI-f3:.fc 9&3iT'£>3o VL 
S I HlggoOftffcfm, 01 2 oD d E P R 4 FU^ 

[0057] «t n &m<nv l s i mftm^mx'hti 

If, Hi 2^EIhu l i^^i<io^0^fyy 

wictt. @i o<^ hi^y .^dittsmflcfbsiis^f -cfe 

5, 

[0 0 5 8] <E^, i£ (7) Q» + Zi = 4tf5#<b 

ft 3. ->5=. u— > 3 >oO0F?EiCj;n«, i£ (7) F*3</) 
^^I^J^'hSftfi, 0i]x.lf3. 7 5lc£9g&$ft 

3, lot, * (7) li&Al^-t-J:?!-. ffiSiS^W 

[*1 2] Q«+Z, = 4-o. 0^ft<1 (8) 
[0 0 5 9] -~T% n iD9.mmtim.lt 0. 2 5T-fo 
5. 

[0 0 60] ii3ii, PR4mm%&%:m$-rz>£o\z 



(9) #1^2 7 1 8 4 2 4 

^f^ftfcil 0 co E P R 4 hHJ^M^if. H 
1 3 h 1/ y h !> y ^ ^Sff P R 4 

[ici 3] Z'k=y k ' Rt (9) 

Q'» = -Z'*+2 (10) 
[0 0 6 1 ] Hi 10>EPRMLttiiJ*W\ Hi 3(Ct^ 
£ft£ M/y PRMLttffiS*H*1-5J: 

9<c£M£ft3, E P RM L^ttjitsCOSo" i: |5J CS PM 
70 iSPRML«lttJSlCitL-Ct)gffl$lX, hUV ,*tzttA> 
^M£ft-5 0 -r.T?, 01 3<£«huyxfi, SMffiT? 
£j££ft3i§£-tc:!i, PRML&ttiis&D&ilft^ftfc-C' 

[0062] 

[0 0 6 3] ZkibkLX. *38W©«*twfflLTUlT 

[0 0 6 4] (1) -*V7/V*&m-*Z>~71- 
20 u (ADC) tg^Sn, T^n^ 

s<—y^si>- (PR) -r-^-^-t^/Hc 

$tifc^2(7)7-i'/w^(c^i-5^7 i y7 0 t, fiulS^l 
<D 7 -i" A, 9 ^rfflii Lluf'Jf A> • * y^/W^M 1 

%m i 2 ro^-^tttasw^* < i 1 1 

(2) flUESff T^^.'W • f->-y/u^MIE^ 1 (7)S^7 

■fyy';\s$:?y?.\Vj<—i/\/\'-i'*Xyx (PR 
4) •+>-^u*lifit1-57 f ^*/u- 7^/U^{C#t^f 

40 ^2^31K7^/u^iCtt^i-^Hl)fe^7 1 -y^5, huEP 
R4-y->7 , /u4:te?i (EPR4) f V^/^SfttS 1 
+ D7^/u*lcflt^-4-5^-ri/y^tjN Bute (l) ffi 

(3) mrSBl(07^/u^5riiiiLtxv?^/i"-¥->y 

flute p r 4 pr4^ t^tti^ic^-r 

Z*Tv7°*^b\ BUaS (2) IE«wa*T-^filtil^ 

(4) mj|E^2o07^;K?^aiiLfcr^^A--y-^^ 

50 /^^H^JIe^2c07 ^ -^'^tii§glc§t^-^-5B^^f fi .x■ry7 , 



(10) 



#fF 2 7 1 8 .4 2 4 
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f>\ mHSEPR4f-y^^EPR4 tr* trfcttiSfcft 
fe 4 t5.xf^^ ifE (2) Efc»*±r-^^ 

(5) fuESffxv^yi- • f-v^^mffam ICDW&.7 
■fr^/vSy?— ■ i-.x*>"7> (PR) S7-f.^ 

tift^+sx^yT'^tp, Htfte (i) fe*tf>fcfcx- 

(6) ffifSESl<07-f /u^«riliaLfc7 f v ? ^A'- 1f>'7° 
yu£iWE3; 1 <n7—9W&WZ.'$&t 3MEXT- 2/7° 

t1&ffiS(cf^+3xx-y7°£^ti\ ftuE (5) !E*o9 

(7) HuESff r^^ • ■t>7'A'&tft%Z% 1 ©3^7 

-9- > ^/u- & * 7 4 h / xft; 7 ^ * t-#y&-r £ * x y 
7°£#&\ florae (1) 3e«roft#7*-*ifcffl#*fc. 

(8) tufeSiw^-r/u^^iijiLfcx^^/u- -fy? 

^ti\ ttlte (7) |E«<Oft*7*-^«W^ffi. 

(9) mjE3?l</)7^/i^£fflilLfcrv^yi'-f->-7° 

fl(rSE*!7-r hy^Xft;7^/u?£iIiIi.fcf->-7°yu 
sue (7) E«<ofcfcx-*&m#£ 0 

(10) BffleSffTW'U • ^>-7°/U^BUt5^ 1 0>SiR 

7-i'/u*lC{}W&+3^fe*7 1 y7 , i&^ huISSWx^^/U 

ti\ ME (1) SE«(0*±x-^-ttm*fe. 

(11) flfriE3SK07-f/u**iiaLfcf f ^^/u-*^ 
TVHrfiuES? 1 <07*-*fcttJ»K(fci£r5lW£*y y7* 
ri\ iTlE(iufe37^yi^£ailL£lf >-7Vu£^tf* 
K'«fflS^Wif&-* - '5X7 L y^ , Sr^tf. BuE (10) E® 

(12) itNEffr^^v^-^^^iJi-SHuffixx-y^ 

L-C. EPRMLT'-^KlBStjSlR+Sx^y^i:, 
PRMLx-^tttBSff^S^^x^yyt^^, ml 
IS (1) £«<0&;fcT-*lfctB#ifc. 

(i 3) Rtf,re(ff^^7^-^^^ij+5fltife^xv7° 

f3#»W*SS9J+'5^7 l y7 , S:-&t»\ MSB ( 1 ) IE 

(14) Tv?^'u-+^^*sift-r5T^o^-7 f s; 

*>i«i§ (ADC) Kfc&Sil, T^n^ft^&litt 
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EADCK*£££tU IffiEADC;^b»/)Tv^yu • 
f-^TVu&gff U 7-01^ !) y7*-f3^1 cD7^vu* 
t. ffiiEADCfcl6£-3ft, WiaADC*»P>*»©7*^ 

-r/v^t, mife®i«7^/u^icig^-$n, Buiesnra 

7 4 yu * L fc* >-7Vu SrSfS "f 5 IB 1 Wf*- * tft 
ffi^i, StJfe^2ra7^yu^l^^-$n, HtjElfl2<757 

Lit* >-7>£gft -t-s jg 2 of- * tfcm 

2<&7*-*1*m8S<a4>*< ifcio^HRt^fSL 

(15) fiuie^l(73T-^^W^te«^7X I V;<- 
*/+A>'- (EPR4) • M9 trftHJSSr-t- 

ti\ ttjta (14) fEttrax-^^tHSfio 

(l 6) fffte^i of-^ttffiSas^-ft^ • I-** 0 

^•^7^V (PR4) • tffcW{&£^tf, HU 

IE (14) E«rar-*&W^tto 
20 (1 7) HM!Ejg2rax-*$ffi^te3i*7X I V^- 

i/^/u ■ uxtfyx (EPR4) y£9 K-^WSSr^tf, 
Bute (16) te«rar- ?^tasB„ 
(l 8) ME®irax-?$tti3§^-v'^ • 
vx • Mtvmffittts. mfte (14) Elof-^ 

(19) lr!em<a^-*fcffiSa j a£^*^fcWS& 
£tf, SUE (14) Ettror-*1$tijgfio 
(2 0) WIB3Bl(07 f -^*ai»^7/u • ^f-F • if 

* yftitm&z-stt, huI2 (i4) tam<7>x-*&mgi 
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